Objective-To determine if there is evidence for genetic anticipation in rheumatoid arthritis (RA) by analysing the possibility that parental disease status and age at proband conception influence the age of onset and disease severity of the proband. Method-RA outpatients were identified and data were also taken from Newcastle multicase RA pedigrees. Comparisons of age of onset and parental age at proband conception were made for pedigrees grouped according to the disease status of the parents. Correlation coefficients and linear regression models were calculated for the age of RA onset in the probands. Measures of disease severity were compared in RA mother-proband pairs.
Results-The results were similar in both the outpatient (n = 153) and multicase pedigree (n = 15) samples. Significant results were confined to pedigrees in which the mother had RA (20 of the outpatient probands and seven of the multicase group). Probands in these sibships had a younger age of RA onset than their affected mothers (38-3 years (95% confidence interval (CI) 33-8 to 42.8) versus 53 7 (47.3 to 60 0) (p = 0.002) in the outpatient sample; 32-4 years (25.3 to 39.6) versus 43*4 years (29.0 to 57.9) (p = 0.1) in the multicase pedigrees). In the maternal RA group, both the maternal and paternal age at proband conception showed significant negative correlations (r = -0 65, p = 0-002 and r = -0-60, p = 0-005, respectively in the outpatient sample) and linear regression coefficients with age of proband disease onset. In seven affected mother-proband pairs, the probands had a tendency to more severe disease, despite shorter disease duration and younger age.
Conclusions-This preliminary analysis has suggested that within pedigrees in which the mother has RA, the features of genetic anticipation and observations consistent with premutation models may prevail. For four groups for which neither parent, mother only, father only, or both parents were reported as having RA, we performed the following analyses:
(1) Descriptive statistics were calculated for the probands' age of onset of disease, parental ages at conception of the proband, and parental age of disease onset where relevant. Differences between ages of onset in affected parentoffspring pairs were tested using paired t tests.
Deighton, Heslop, McDonagh, Walker, Thomson (2) Correlation coefficients were calculated for age of disease onset in the proband compared with paternal and maternal ages at conception of the proband. (3) Linear regression models were developed to examine if parental ages at proband conception could predict proband age of RA onset independently of parental age of RA onset (where appropriate).
Because the RA status of first degree relatives can be unreliable when ascertained from the patient,7 we investigated the same set of hypotheses on parent and proband combinations identified from Newcastle-upon-Tyne RA multicase pedigrees described previously.8
Here the diagnosis in each individual had been fully assessed.
The above analyses suggested that older parental ages at conception of the proband correlated negatively with earlier age of onset of RA in the proband only in those pedigrees in which the mother had RA. For each proband affected mother pedigree from the Newcastle multicase pedigrees, the following measures of disease severity were compared within affected pairs: spread/severity index;9 Health Assessment Questionnaire (HAQ) score;10 IgM rheumatoid factor titre, measured by RAHA (Fugizoki Pharmaceutical, Tokyo, Japan). HLA-DR typing for antigens 1-10 was performed using B lymphocytes isolated by their adherence to nylon wool columns, and using standard alloantisera.1' The influence of differences in age, sex and disease duration were considered. The ages at which parents conceived the RA proband and (where appropriate) the ages at which disease onset occurred were compared for subpopulations determined by the RA status of the parents. In the outpatient population probands who reported that their mothers had RA (n = 20) described an older age of disease onset in their mother (n = 20) than they themselves had experienced (38-3 years (95% CI 33-8 to 42.8) versus 53-7 (47.3 to 60 0) (paired t test, p = 0.002)). All other comparisons in other patient groups were not significant statistically. In the multicase pedigrees, the affected mother-proband pairs (n = 7) also showed a trend towards earlier RA onset in the proband (32-4 years versus 43-4 years (29-0 to 57.9) (paired t test, p = 0 1)).
Although the probands in the maternally affected pedigrees from the multicase sample had a younger mean age of onset than those in the outpatient sample (32-4 years (25-3 to 39 6) versus 38-3 years (33-8 to 42 8)), this difference was not significant.
Pearson correlation coefficients were calculated for both data sets (table 1). Significant correlations were confined to the groups in which the mother was affected; inverse correlations were seen for ages of both parents at conception of the proband and the age of proband RA onset. Table 2 shows linear regression models for probands with affected mothers. None of the models in other parental disease status groups was significant. Similar results were seen in both outpatient and multicase data sets. The full model including both parental ages at proband conception is not shown because the limited data set and the high correlation between these variables (r = 0-08, p < 0-001) make it difficult to state confidently if maternal, paternal, or both ages at conception of proband are of prime importance for age of onset of disease in the proband.
The affected mothers of probands from the Newcastle multicase pedigrees (n = 7) had a longer disease duration (mean duration 29 years versus 15 years), and were obviously older at the time of assessment (72 years versus 45 years) than their Nottingham counterparts, but despite this their respective paired probands had a tendency to more severe disease on both the spread/severity index score (17 versus 14) and HAQ score (2-0 versus 1-9). They also tended towards a higher rheumatoid factor titre (1/274 versus 1/180). Only one proband was homozygous for HIA-DR4, and two were negative for this antigen. Only four of the seven haplotypes transmitted from affected mother to affected daughter were HLA-DR4 positive. Discussion In this preliminary investigation, the only subgroup in which we could find any evidence for an effect of parental age at conception of the proband on age of onset of disease in the proband comprised those probands who reported having, or were documented to have, a mother with RA. We collected data on consecutive outpatients whom we questioned about the RA status of their parents. This is known to be unreliable,7 therefore we compared the outpatient population with a smaller but fully documented population of multicase pedigrees. Our analyses produced similar results for both data sets.
In the maternal RA subgroup, the following observations are of interest with respect to genetic anticipation and observations in diseases with an unstable trinucleotide repeat: (1) Probands developed RA at an age that was earlier than the age of disease onset in their affected mother. (2) The ages of both the mother and the father at conception of the proband correlated negatively with the age of RA onset in the proband, and had predictive value for this variable by linear regression. (3) In the small number of affected motherproband pairs for whom we had detailed information, the probands appeared to have more severe disease, particularly when their younger age and shorter disease duration were taken into consideration.
The epidemiological phenomenon of genetic anticipation is subject to bias, however, particularly in a retrospective study such as this. There is a bias towards identifying those pedigrees in which RA develops late in the life of the parent and early in the life of the offspring. Pedigrees in which the parent develops early onset RA and the offspring shows late onset disease are less likely to be identified. Further and larger studies are required to address this. The number of families with affected fathers was small and it is therefore difficult to conclude that such features may be unique to maternally affected families. Large numbers of those families with unaffected parents may be needed to detect any influence of parental ages on age of onset, as is the case for Huntington's disease. 3 Whilst it is easier to visualise the mechanism of premutation being transmitted through paternal gametes, our significant observations were restricted to maternally affected pedigrees. There are also observations in monogenic disorders that suggest maternal transmission effects. For example, congenital MD appears to be exclusively a consequence of maternal transmission.' In fragile X syndrome, expansion of the premutation occurs only through the maternal line. '2 There could be alternative explanations for these observations, other than premutation. Other epigenetic phenomena, such as imprinting, or differential X chromosome inactivation may be operative.'3 Maternal in utero effects which are age related could be involved. It seems unlikely that secular trends in disease could account for our observations, given the epidemiological evidence that RA is becoming less common and less severe."
Our observations on early disease onset, increased disease severity, and familiarity might have been accounted for by an enrichment of HLA-DR4 in the pedigrees.'5 This mechanism was not a predominant factor in the multicase pedigrees. The prevalence of HIA-DR4 was no greater than we would expect for a population identified by means of hospital records, and the transmitted HLA-DR haplotype contained DR4 in only four of the seven cases.
These preliminary data need to be confirmed in larger, fully documented samples. Lessons learned in the context of monogenic disorders may be of relevance to subgroups of more complex diseases.
